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ABSTRACT 
This paper presents a preliminary study on the dielectric properties and curing of three different types of 
epoxy resins mixed at various stichiometric mixture of hardener, flydust and aluminium powder under 
microwave energy.  In this work, the curing process of thin layers of epoxy resins using microwave 
radiation was investigated as an alternative technique that can be implemented to develop a new rapid 
product development technique. In this study it was observed that the curing time and temperature were a 
function of the percentage of hardener and fillers presence in the epoxy resins.  Initially dielectric 
properties of epoxy resins with hardener were measured which was directly correlated to the curing 
process in order to understand the properties of cured specimen.  Tensile tests were conducted on the three 
different types of epoxy resins with hardener and fillers. Modifying dielectric properties of the mixtures a 
significant decrease in curing time was observed.  In order to study the microstructural changes of cured 
specimen the morphology of the fracture surface was carried out by using scanning electron microscopy. 
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1. INTRODUCTION AND BACKGROUND 
Rapid prototyping is the dominating technology for fast production of plastics models and prototypes since 
more than a decade.  Despite the successes already being notched up as a result of the deployment of these 
techniques like Stereolithography and Selective Laser Sintering, large-scale industrial application of these 
innovative technologies are hampered both by their low profile and by current limitations concerning their 
efficiency.  One of the typical problems in applying these technologies is the limited part accuracy.  The 
main reasons for inaccuracies of SL/SLS parts are shrinkages and distoriton occuring due to the chemical 
and thermal process [3].  Beside these, other variables exerting influence on these defaults are realted to 
the machine, the process and other material characteristics.   Despite the development of SL techniques, 
researchers have discovered the problems arising from this technique in the recent years.  Thus the inherent 
difficulties and inefficiencies of the use of SL technique have led us to explore other ways of facilitating 
curing which save time and money, as well as possibly lead to the formation of materials with unique and 
desirable mechanical properties. To solve this problem several types of radiations were suggested, however 
one of the more promising of these is microwave induced curing, which is highly energy efficient system, 
as the energy expended is more easily concentrated on the the curing sample.   
2. LITERATURE REVIEW AND CURRENT STATUS 
Chen et al. [1], investigated the relationship between polymer structure and microwave absorptivity. 
Dielectric loss factor, , loss tangent, tan , and oscillator strength, ( s - x), were used to evaluate 
potential material processability under applied microwave radiation. The experiment was conducted in a 
low power (< 100W) electric field at 2.45 GHz when electromagnetic radiation was applied as either 
travelling or resonant wave modes in cylindrical and rectangular waveguides.  In addition, the dielectric 
loss factor obtained at low frequency measurements was found to be directly proportional to the heatability 
of polymers. Jow and others [4] conducted a dielectric analysis of Epoxy/Amine Resins using microwave 
cavity technique. Dielectric properties (permittivity and dielectric loss factor) of stoichiometric mixtures of 
DGEBA (diglycidylether of bisphenol A) epoxy (DER 332) and amine (diaminodiphenyl sulfone; DDS) as 
a function of temperature and extent of cure was measured at a microwave frequency of 2.45 GHz. From 
this experiment, they discovered that; (i) permittivity and dielectric loss factor of this resin increase with 
increasing temperature and decrease with increasing extent of cure. (ii) Dielectric loss factor is more 
dependent on temperature in the early stages of cure but becomes less dependent on temperature as the 
cure proceeds, and (iii) Dielectric loss factor is found to be the same for both thermal and microwave cured 
samples. 
Lauf et al. [5] carried out tests on curing of epoxy-type neat resin and prepreg tape in the recent developed 
variable-frequency microwave ovens. The objectives of this work were;  (i) to determine the effect of 
microwave heating on the curing speed and mechanical properties of selected neat resins and composites; 
(ii) to investigate the use of frequency sweeping to enhance heating uniformity. Through series of 
experiments, they concluded that the use of microwave heating can significantly reduce the curing time for 
ERL-2258 epoxy and carbon fiber/epoxy and glass fiber/epoxy laminates while containing comparable 
physical properties. The experiment also demonstrated that frequency sweeping was an efficient and 
controllable means of mode stirring to achieve uniform curing.  In their work Lewis, et al. [6], 
demonstrated that microwave radiation acts to enhance the kinetics of an ideal, pseudo-first order solution 
imidization reaction over that obtained for more conventional treatments by 20 to 34 times.  This 
acceleration was observed from comparsion of small samples cured in the microwave cavity with others 
from a forced air oven by a combination of DSC, soluble fraction measurements (by soxhlet extraction 
measurements), and FTIR measurements after various processing times.  In this work, they proposed a 
model for the mechanism of the reaction rate enhancement and reduction in the apparent activation energy 
in which a non- uniform temperature profile on a molecular scale is used.   They concluded that this model 
can be used to satisfactorily explain a range of phenomena reported in the literature and observed in their 
laboratory relating to microwave processing.  
Outifa et.al. [7], presented the theoretical conditions for the microwave curing of large pieces, whose size 
is larger than the waveguide.  They also studied the influence of the dielectric constants and the thickness 
of the dielectric materials on the spatial distribution of the electric field and power flow in each layer. They 
concluded that this theoretical work helps one to manage the energy focusing and optimize the 
homogeneity of treatment by a suitable choice for the dielectric mold materials. In 1998, combined efforts 
were undertaken by Yarlagadda et.al  [8] to investigated the effect of using temperature feedback control 
for microwave joining of adhesively bonded thermoplastic joints. Microwave radiation with a frequency of 
2.45 GHz was used to heat the specimen which were exposed to numerous different input powers and for 
varying times and temperatures in a slotted waveguide. The results obtained from the preliminary 
investigations showed consistently greater bond strengths in vastly reduced processing times. They 
concluded with the finding of several significant factors from this research. In addition, they pointed that 
combining a temperature based control system with microwave heating enhances bond strength and bond 
quality. It also delivered substantial reductions in processing times when compared to identical adhesive-
adherend couples produced under conventional ambient condition. 
Quang and Albert [9] studied the microwave curing of epoxy resins with diaminodiphenylmethane. The 
crosslinking reactions of epoxy resins is activated by the use of microwave heating at 2.45 GHz.  In their 
work they outlined the three steps of the curing mechanism of epoxy resins of DGEBA type with 
diaminodiphenylmethane as cross-linking agent at a given microwave power. In addition, the kinetics of 
curing reaction on various models of microwave irradiation was also described.  Spacek, et al. [10] studied 
the microwave reaction on the model epoxy resins with amines. In their work they investigated the 
isothermal course of the reaction of phenylglycidyl  and N-methylglycidylaniline with dibutyl amine at 
various temperatures.  From their experimentation they concluded that a good fit with the experimentation 
was reached only when the order of  both processes with respect to amine had been reduced to half its 
original value. 
In the present work, attempts have been made to explore the the possibility of using microwave curing of 
resins for rapid product development.  The objectives of  this research are: (i) to investigate an alternative 
method of curing thin layers of epoxy resin using microwave energy, (ii) to assess the viability of fast 
curing of epoxy resin mixture with powder of different parent materials and (iii) to investigate the material 
parameters for curing epoxy resin at low temperature at shortest possible time.  In this work three different 
types of epoxy resins at various stoichiometric mixture of hardener, flydust and aluminium powder are 
cured by using  microwave energy.   Initially the dielectric properties of these mixtures were determined, 
followed by the curing of epoxy resins with and without the application of hardeners and fillers. The 
samples were subjected to different mechanical tests in order to determine the mechanical properties of the 
bond produced.  Attempts were also made to  study the morphology of the fracture surface by using 
scanning electron microscopy (SEM).   
3. THEORY OF MICROWAVE HEATING  
Microwaves are electromagnetic waves in the frequency band from 300 MHz (3 x 10
8  
cycles/second) to 
300 GHz (3 x 10
11
 cycles/second). Industrial microwave processing is usually accomplished at the 
frequencies set aside for industrial use, 915 MHz, 2.45 GHz, 5.8 GHz, and 24.124 GHz. Microwave 
processing systems consist of a microwave source, an applicator to deliver the power to the sample, and 
systems to control the heating. Generators of microwaves are generally vacuum tubes however solid state 
devices are sometimes used. Magnetron is the most common microwave source in materials processing 
application.  Microwave radiation can interact with both conducting and non-conducting materials by 
means of this oscillating electric field, however their method of interaction is different for both cases. For 
dielectric materials such as thermosetting resins and monomers, they absorb microwave radiation through 
their polar functional groups. For example, epoxy resins absorb microwave through their epoxide, amino 
and hydroxyl groups. Hence, the common feature of dielectric materials is their ability to store electric 
energy. This is accomplished by the displacement of positive negative charges under the effect of the 
applied electric fields and against the force of atomic and molecular attraction. The degree to which 
dielectric materials absorb microwave radiation and heat is dependent on many factors including the 
applied electric field strength, and the number and mobility of dipoles within the material. The power 
absorbed by a material, P, can be found from the following relationship: 
P=KfE
2
 tan            (1) 
Where K is a constant equal to 55.61 x 10
-14 
, f is the applied frequency in Hz, E is the electric field 
strength in V/cm,  is the dielectric constant, and tan  is the dielectric loss tangent. Both  and tan  
depend upon both the frequency and the sample temperature. The electromagnetic field energy dissipated 
as heat per unit volume is proportional to the dielectric loss factor (  tan ), the square of the field 
strength (E
2
) and the frequency (f) of the applied field.  There are number of parameters which influence 
the reaction of a material under the radiation of microwave energy.  Of these, most important are the 
dielectric properties of the materials. These dielectric properties include the dielectric permittivity or 
constant of a material, dielectric loss factor and dielectric relaxation.  The material takes a certain time to 
return to molecular disorder, and the polarization subsides exponentially with time constant , or relaxation 
time and this decay function can be described in the following relationship: 
a(t) e
t/           
(2) 
Where  is the relaxation time, the time required for the polarization to decay to 1/e of the original 
equilibrium value. It is time independent but highly temperature dependent. These properties of the 
materials are dependent upon density, temperature, moisture and other parameters of the material.   The 
mechanisms that aid to the arrangement of electrically charged particles with possible displacement 
(rotation) in a dielectric under the influence of an external electric field includes electronic polarizability, 
ionic (atomic) polarization, orientation polarization and space charge polarization. These mechanisms of 
charge displacement (ie polarization) depend on the type of dielectric material and the frequency of the 
applied field. Charge particles will displace from their equilibrium position and give rise to induced dipoles 
which response to the applied field. In addition to these induced dipoles, some dielectric known as polar 
dielectrics, contain permanent dipoles due to the asymmetric charge distribution of unlike charge partners 
in a molecules which tend to reorientate under the influence of a changing electric field, thus giving rise to 
orientation polarization [3].  By considering the principles and background theory, the following 
experiments were carried out with the aim of curing materials using microwave energy. 
4. EXPERIMENTAL METHODOLOGY 
In this work, a series of test were conducted in order to study the dielectric properties of the resins as a 
function of temperature.  The purpose of these tests is to determine the curing time and curing temperature 
of the resins at constant power. These results are further used to draw a relationship between the effect of 
temperature on dielectric loss factor. The effect of hardener and fillers on the curing time and the tensile 
strength of the specimens were also discussed.   In this work, a variable powered at 2.45 GHz microwave 
radiation multi-mode fixture was used as a source of radiation. A constant power of 1500 watts was used. 
Microwave ovens usually have very complex wave propagation of electromagnetic fields in their cavity. 
Hence, to ensure maximum heating of the specimen, the location of maximum power concentration in the 
microwave oven is determined by heating different layers of thermal paper.   
4.1 Equipment used for dielectric properties measurement  
Dielectric properties (permittivity and dielectric loss factor ( )) of stoichiometric mixtures of hardener 
with the three different types of epoxy resins are measured as a function of temperature.  The 
measurements were taken at two different frequencies using a HP 8510C Network Analyser.  The system 
includes a HP 85070B high temperature dielectric probe, a RF or HP 8530A, network analyser, a computer 
and necessary accessories to measure the dielectric permittivity and loss factor. Initially the network 
analyser calibrated and set to the broad-band frequency, the epoxy resin samples ware heated using a 
temperature controlled auxiliary heater. The probe will then immersed slightly into the sample and waited 
for 2 minutes for the analyser to read the dielectric property of the resin. The probe transmits a signal into 
the material under test (MUT); the measured reflected response from the material then being related to its 
dielectric properties. The measured values were commuted into the computer that was linked to the system.   
This procedure was repeated for the measurement with 2.25 GHz to 2.555 GHz narrow frequency band.  
The HP8510C network analyser was calibrated using a short circuit distilled water at 20
o
C and air.  By 
using known dielectric properties for calibration (water and air), the network analyser automatically 
compensated for internal errors.  The principle in the measurement of the dielectric property lies in 
comparing the changes in impedance of known values, to the value of the material under investigation.  
The characteristic impedance of the open-ended probe method was 50 , at a real permeability of  = 1.  
This presents the possibility of transmitting a signal with full reflection, as long as the impedance was not 
changed If a dielectric was applied to the probe, the impedance changes due to the fringing effect at the 
probe.  The signal will only partially reflect due to the changes in impedance, and the reflected wave 
travels back to the generator causing a phase shift of the forward to the reflected wave.  The reflection 
coefficient changed at the open-ended line to a different value with the dielectric applied.  This method can 
be used to measure the dielectric property over a wide range of frequencies. 
4.2 Experimental conditions for microwave curing of epoxy resins 
A series of experiments were conducted with the use of a microwave oven with 1500 watts constant power 
to determine the curing time and curing temperature.  Three different commercially available epoxy resins 
were tested pure and then with the mixture of hardener, flydust and aluminium powder. Table-1 shows the 
different curing mixture combinations used for testing on R180 epoxy resin. These mixture compositions 
will be similar to LC3600 and GY9708-1.  The pure epoxy resin was tested in order to compare any 
variation in curing temperature and time when this pure resin was mixed with hardener and fillers. These 
mixtures were applied as a thin layer onto a microscope-glass slide, which was clean and clear from any 
dirt. The thickness of the resin applied onto the glass slide was maintained at constant.  The microwave 
power was set at 1500 watts with the setting time of 1 minute.  The temperature was monitored using a 
type K digital thermocouple.  At the same time, the status of the resin was monitored, to ensure that it is 
turned into rubbery stage.  This procedure was repeated in the interval of 1 minute until the resin was 
totally cured.  The relationship between the curing time and temperature for different resins was presented 
in the form of plots in the subsequent section.  In order to assess the strength of the cured sample tensile 
tests were conducted by using the Hounsfield Tensile Tester.  
From the table-2 it is noticeable that permittivity and dielectric loss factor of epoxy resin and hardener 
combinations increases with increasing temperature and decrease with increasing extend of cure.  This is 
mainly due to increase in mobility of dipoles during heating and subsequently decreased mobility of 
dipoles during cross-linking.  The variation of temperature with dielectric factor is due to exothermic 
curing of process.  The negative value of the dielectric loss factor occurs during the self-calibration of the 
network analyser and a correction factor is calculated to compensate for errors in the calculation.  The 
curing temperatures of the three different types of epoxy resins with 40% hardener are shown table -3.   At 
the temperature of 60
O
C the dielectric loss factor slightly decreases with the increasing the extent of cure. 
This behaviour can be explained by a 3-stage phenomenon involved in the curing process.  The first stage 
is liquid monomer heating. Significant decrease in dielectric loss factor is characteristic of a second stage 
where linear and branch chain formation and gelation are likely to occur. The third stage leads to three-
dimensional network formation and a fully cured structure. 
5. RESULTS AND DISCUSSION 
5.1  Measurement of the dielectric properties  
The measurements were undertaken to determine the dielectric properties of three different types of epoxy 
resin mixtures.   Initially measurements were conduced with a broad-band frequency, ranging from 1GHz 
to 20GHz.  Subsequently the frequency was narrowed down to operating frequency of 2.2 GHz and 2.555 
GHz.  The measured values of dielectric loss factor  (e”) and permittivity  (e’) are shown in table-2.  This 
could be due to the presence of chemical heat and the presence of the hardener/fillers which posses high 
dielectric loss factor, result in good absorber of microwave energy. Similar trend was observed throughout 
the test results ie. An increase in the reactants content causes the curing time and the curing temperature to 
decrease.  From these plots, it can be realised that the temperature rises within a minute, which is mainly 
due to heat generated during dipolar relaxation. After this initial absorption of microwave energy, the 
temperature rise causes the dielectric loss factor to increase, which in turn, responsible for a further 
temperature rise.   Due to this chain reaction the temperature will rise and reaches to the curing 
temperature. During the cross-linking process, the maximum power corresponds to the sol-gel transition, 
induces a strong viscosity effect in the medium and consequently slows down the dipolar relaxation.  
When the temperature reach its maximum, it is expected that the temperature will starts to decrease due to 
thermal decay. During the electromagnetic treatment, the chemical medium receives energy due to 
dielectric loss and losses energy by convection heat transfer to the external medium.  Hence, when the 
curing reaction stops, no more chemical heat is produced and the sample starts cooling because of energy 
loss by convection. This results in decay of the temperature.  Hence, it can be concluded that the variations 
of temperature and time with different content of hardener and fillers revealed the effect of decreasing the 
curing temperature and shorter processing time. The incorporation of filler increases the thermal 
conductivity of the epoxy resins thus reducing the curing time. It is observed that aluminium powder had a 
greater effect on the thermal conductivity of the three resins as compared to flydust.  
The hostile nature of microwave heating and curing forced the temperature measurements to be made 
remotely.  In practice, this limits the choice of thermometer to three main types of temperature remote 
detectors.  These are semiconductor photoelectric devices, thermopiles and fluoro-optic devices.  The first 
two devices operate by measuring the amount of infrared radiation emitted by an object at various 
temperatures.  Fluoro-optic devices measure the temperature dependent decay time of a fluoro-optics 
material that is placed in contact with the specimen being monitored.  Based on the merits and demerits of 
these three temperature measuring techniques, the most suitable detector for this application is the 
thermopile. It has a user determined spectral response, can be easily used entirely remotely and an 
adequate response time.  In this work a LAND Micratherm 3 Infra-Red Thermometer was used and it 
employs a thermopile as the detector.  The themometer features 4-20 mA analogue output for data logging 
and computer control and has a response time of 200 ms.   It can measure temperatures from 0
o
C to 500
o
C 
and a spectral response in the range of 8 m – 14 m.  The thermoplie was calibrated by heating the 
material to be measured and comparing the thermometer output with therrnocouple readings. Due to this 
calibration the error introduced into the temperature measurement system is minimal..  The Infra Red 
sensor is connected via a circuit to the data acquisition card thorough a CIO-DAS08-GPA analogue to 
digital converter.  The power supply is wired via a breadboard to the temperature sensor and the signal is 
measured across a 250  resistor. 
5.2 Microwave curing of epoxy resins 
Pure Epoxy resign R180 was first tested with a curing time of 25 mins and curing temperature of 177
O
C. 
This curing time and temperature was greatly reduced with the addition of hardener.  From figure 1, the 
additional in 5% of hardener reduce the curing time to 18 Min with a curing temperature of 165 
O
C. The 
further increase in the percentage of hardener presence in the R180 resin will thus reduce the cure time and 
temperature of the reaction. The points on the plot will eventually got lesser with the increase in the 
percentage of hardener. This indicated that the curing time decreased with the increase in the percentage of 
hardener. With the addition of fillers (i) with a low dielectric loss factor (Flydust) and (ii) with an average 
dielectric loss factor (aluminium) into R180, the curing reaction was increased. Figures 1-3 illustrate the 
time-temperature relationship on the curing of LC 3600 and GY 9708-1. The results showed that the 
addition of fillers at 10% into the mixture of 15% of hardener with LC3600 reduced the curing time by half 
as compared to the initial mixture as shown in figure 1.  
5.3 Tensile testing of microwave cured joints 
The results of tensile tests performed on the microwave cured samples mentioned above are shown in 
Table-4.  From the results it can be evident that there is significant difference in the tensile strength of the 
three types of epoxy resin with 40% hardener. The variation in the tensile strength is mainly due to the 
extent of cross-linking.  Uncross-linked or lightly cross-linked material tends to be soft and reasonably 
flexible, particularly above the glass transition temperature. Heavily cross-linked material have a dense 
three-dimensional network of covalent bonds in them, with little freedom for motion by the individual 
segments of the molecules involved in such structures, hence they are more brittle.  The other possibilities 
for strength reduction could be due to shrinkage or thermal stresses developed in the curing process of the 
resin, which are in turn a function of difference in coefficient of expansion. 
5.4 Discussion on Morphology of the Fracture Surface 
The effect of the curing agent and fillers concentration on the morphology of the epoxy resin was studied 
by using a Scanning Electron Microscopy (SEM). Micrographs of the fractured surfaces are shown in 
figures 4 and 5 respectively.  From the figures, it is evident that two classes of voids  (spherical and 
irregular) are formed during curing. The spherical voids or bubbles were formed as a result of trapped 
gases. These gases could be arising either from secondary reaction in the matrix while the resin was curing 
or simply may be due to absorption of gas from atmosphere during stirring.  As this type of voids had a 
spherical front, stress intensity around the periphery of these bubbles were not very high. Therefore, they 
were not expected to be the roots of crack or failure.  The other class of voids with irregular shapes is 
largely trapped into the interior of the volume. These were obviously the result of vitrification shrinkage. 
The sharpness of the geometry created large stress intensity at the tip of the sharp edges. Moreover, a large 
variation in the cross-linking density throughout the resin led to the building up of internal stresses. These 
stresses are expected to be the most likely cause of failure during the testing. 
5.5  Micrographs of Fracture Surface  
The SEM micrograph in Fig. 4a displayed the fracture surface which consist of bubbles, voids and crack 
lines. These voids could be the possible points where the cracks started as these points had the lowest 
energy. The crack lines propagate through these weak portion and eventually multiple crack lines occur. 
This fracture surface is a characteristic of polymer, which failed in a brittle manner the micrograph in fig. 
4b, displayed a very complex structure surface consisting of bubbles and holes. The aluminium powder 
particles are not well bonded to the resin, and the aluminium powder particles effectively act as “holes” in 
the matrix and thus reduce the strength.  The SEM micrograph in Fig.4c displays a closer view on the 
interface between the aluminium powder and epoxy resin. This interface could be considered a fairly 
strong interface as there are only a slight bonding of the resin and aluminium powder.  The SEM 
micrograph in fig.5a displayed a fracture surface, which got a different structure from figure 4a and 4b.   
The micrograph shows the layering effect where crack lines propagate through the layering boundary lines.  
The micrograph in fig.5b displayed a closer view of figure 5a, where a structure of cell pattern is shown. 
Cell pattern crack lines are associated with the initiation of secondary cracks in front of the boundary lines 
region of fast unstable crack propagation.  The results of dielectric measurements indicated that the 
permittivity and dielectric loss factor of the resin increase with increasing temperature.  Presently attempts 
are being made to study the curing behaviour of epoxy resins by using a single mode microwave cavity 
with different waveguides for a more uniform heating and further investigations on the extent of cure by 
using different microwave power combinations.   
6. CONCLUSIONS   
The main objectives of this research work were to study the dielectric properties different epoxy mixtures 
and study the curing behaviour of epoxy resin/hardener/ fillers with different combinations.   The results in 
this study indicated that an increase in the content of hardener in the three different types of epoxy resins 
could significantly reduce the curing time and curing temperature. With the addition of flydust or 
aluminium powder into the epoxy/hardener system further causes a reduction on the curing time and 
temperature, as there was an enhancement on the thermal conductivity of the resins. Hence it can be 
concluded that the nature of the curing agents and filler ratio have a major effect on the curing time, curing 
temperature, in shaping the properties and the morphology of the thermoset polymer.  It was also noted 
that despite the microwave application, the curing temperature and curing time relates to the chemical 
composition of the mixture and good properties of mixture were obtained by using LC 3600 epoxy resin 
mixed with 40% hardener at 35% of power.  
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Table 1  Curing composition for R180 
 
Set  Mixtures Content 
1 R180 (pure) 
2 R180 with 5 to 40 wt% of hardener (H180) 
3 
R180 with 10 to 40 wt% of hardener and 5 
to 35 wt% of flydust 
4 
R180 with 10 to 40 wt% of hardener and 5 
to 35 wt% of Aluminium powder 
 
 
 
Table 2 Permittivity, Dielectric loss factor of the epoxy  
 resins with 40% of hardener.  
 
Epoxy Resin Temp. e  e  
 
R180 with 40% 
hardener 
30 
40 
60 
80 
4.406 
4.265 
4.065 
3.904 
0.8376 
0.9125 
0.9253 
0.3936 
 
GY 9708-1 with 
40% hardener 
 
27 
40 
60 
80 
4.344 
4.48 
4.61 
4.52 
0.765 
0.834 
0.9659 
0.9561 
 
LC 3600 with 40% 
hardener 
26 
40 
60 
80 
0.986 
4.377 
5.207 
5.156 
-0.0025 
0.973 
1.311 
1.24 
 
 Table 3 Curing temperature of the epoxy resins  
 with 40 % hardener 
 
Types of Epoxy Resins Curing 
Temperature 
  R180 with 40% hardener 90 
GY 9708-1 with 40% 
hardener 
97 
LC 3600 with 40% hardener 100 
 
 
 
Table 4 Tensile test results of microwave cured epoxy mixtures 
 
Types of epoxy resin Tensile 
strength 
(Mpa) 
Elongation 
% 
R180 with 40% hardener 9.14 5.45 
R180 with 40% hardener 
and 35% Flydust 
33.3 12.09 
R180 with 40% hardener 
and 35% Aluminium Powder 
25 19.36 
LC 3600 with 40% hardener 45.8 37.18 
LC3600 with 40% hardener 
and 35% Flydust 
40.9 22.27 
LC3600 with 40% hardener 
and 35% Aluminium Powder 
29.3 18.64 
GY 9708-1 with 40% 
hardener 
7.6 7.27 
GY 9708-1 with 40% 
hardener and 35% Flydust 
28 24.55 
GY 9708-1 with 40% 
hardener and 35% 
Aluminium Powder 
20.9 11.18 
 
  
 
 Fig. 1  Variation of the temperature with time for R 180 with hardener, flydust and Aluminium powder 
 
 
 
Fig.2  Variation of the temperature with time for LC 3600  with hardener, flydust and Aluminium powder 
 
 
Fig. 3  Variation of the temperature with time for GY 9708-1 with hardener, flydust and Aluminium powder 
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  (a)    (b)    (c)  
Fig.4  SEM micrographs of fracture surfaces of LC3600, GY-9708-1 with 40% hardener & 35% Aluminum 
 
 
 
 
    
 
  (a)       (b) 
Fig.5  SEM Micrographs of fracture surfaces of  R180 with 40% hardener and 35% flydust   
